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Description 

The present invention is concerned with the simultaneous formation and encapsulation of small particles 
from solutions of compounds whose solubility is greater in one solvent than in another. The process is 
5 preferably used to prepare a readily soluble encapsulated pharmaceutical ly active compound. 

Background of the Invention 

From a pharmaceutical point of view, the smaller the particle size of a relatively insoluble drug the 
w greater is its rate of solution and as a rule, the greater is its bioavailability (J.H. Fincher, J. Pharm. Sci., 57, 
1825 (1968)). To this end, small particles are conventionally formed by mechanical subdivision of bulk 
matter or by aggregation of small molecules or ions (D.J. Shaw, "Introduction to Colloid and Surface 
Chemistry", 3rd Ed., Butterworths, London, 1980. Chapter 1). The production and applications of micro- 
capsules for medical and technical use have been extensively reviewed (LA. Luzzi, J. Pharm. Sci., 59, 1367 
75 (1970); A. Kondo, "Microcapsule Processing and Technology", Marcel Dekker, New York (1979); J.E. 
Vandegaer, "Microencapsulation: Processes and Applications", Plenum Press, New York (1976); J.R. Nixon, 
"Microencapsulation", Marcel Dekker, New York (1976); J.A. Bakan and J.L. Anderson, in "The Theory and 
Practice of Industrial Pharmacy", Second Ed., (Ed. L. Lachman, et al.) f Lea & Febiger, Philadelphia, 1976, p. 
420; M.H. Gutcho, "Microcapsules and Microencapsulation Techniques", Noyes Data Corp., New Jersey, 
20 (1976)). 

Summary of the Invention 

A method has now been found which involves the formation of small core particles of an active 
25 compound from solution and the concurrent encapsulation of the core particles in a coacervate of the 
encapsulating material when the solvent system is altered. This process of encapsulation of an active 
compound in a natural or synthetic polymer protects and stabilizes the active core compound. 

The new method for encapsulating organic compounds whose solubility varies significantly from one 
solvent system to another comprises: 
30 (a) dissolving said compound in a first nonaqueous solvent; 

(b) preparing a solution of encapsulating material and an electrolyte in a second solvent which is 
miscible with the first solvent and in which the compound to be encapsulated is more or less insoluble, 
in an amount which is effective (but present in an amount just insufficient) to cause coacervation of the 
encapsulating material without interacting with it; 
35 (c) mixing the solutions from step (a) and (b) while stirring to cause the concurrent precipitation of the 
compound as small particles and formation of a coacervate of the encapsulating material; 

(e) gelling the encapsulating material; and 

(f) hardening the encapsulating material. 

If necessary to cause precipitation additional quantities of the electrolyte used in step (b) may be added. 
40 After the first encapsulation the microcapsules can be redispensed and a second wall can be deposited 
over the first. 

In this process, coacervation of the encapsulating material is believed to result from the change of 
solvent character of the solution, which disturbs the system, when taken together with the electrolyte initially 
present and causes coacervation. 

45 Suitable pharmaceutical^ active compounds whose solubility decreases from one solvent system to 
another, are, for example, budesonide, felodipine, bacampicillin, griseofulvin, indomethacin, erythromycin, 
theophylline, salicylic acid, nifedipine, remoxipride, chlorzoxazone, lidocaine and alaproclate. 

A suitable encapsulating material which will form a coacervate is, for example, gelatin (preferably of the 
type B; acid processed), methylcellulose, hydroxypropyl methylcellulose, sodium carboxymethylcellulose, 

so ethylcellulose, cellulose acetate phthalate and polyvinylpyrrolidone. A suitable electrolyte which is effective 
to cause coacervation of the encapsulating material without interacting with it is, for example, sodium sulfate 
solution, preferably a 530% aqueous solution which may also contain a suitable cosolvent, for example, an 
alcohol or a wetting agent at about 0-10%. The compound, encapsulating material, wetting agent and 
electrolyte can be combined in step (a) in ratios of about (0.1-6):(0.1-4):(0.1-10):(0.4-48). 

55 The gelling of the encapsulating material can be achieved by treatment of the encapsulating material 
with cold (5*C) Na 2 S04 solution. If polyvinylpyrrolidone is used as the encapsulating material gelling can 
also be achieved by a number of other methods, for example: 
1 . application of heat (to 60 • C); 
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2. addition of hydrochloric acid, 0.05N-1.ON (10 ml 0.1 M HCI/ml) to the mixture to be gelled; 

3. application of heat (40-45 • C) plus addition of sodium sulfate solution; 

4. application of heat plus addition of hydrochloric acid; 

5. application of heat (40-45 *C) plus addition of hydrochloric acid and sodium sulfate. 

If ethylcellulose is used as the encapsulating material temperature change can be used to cause 
coacervation of the ethylcellulose. 

Once formed, the gelled or "unhardened" microcapsules can be hardened by first centrifuging a 
suspension of the microcapsules to produce a concentrated suspension. The concentrated microcapsules 
are washed twice with water by redispersing and centrifuging. The washed microcapsules are then 
redispersed in water, formaldehyde solution or glutaraldehyde solution is added and the suspension allowed 
to stand at room temperature for 15-20 hours. The suspension is centrifuged, the microcapsules washed 
twice with water, following which they are dehydrated by being redispersed in a water/isopropanol (or other 
suitable alcohol) mixture, filtered, washed twice with alcohol, filtered and dried. The encapsulated particles 
formed by this process are less than 100 urn, preferably less than 10 urn; and the core particles are less 
than 25 urn, preferably less than 1 um. 

In an alternate embodiment, a suitable acid may be used to convert the free base of a compound to its 
salt form or for the free acid to be converted to the salt form by the addition of a base, prior to step (b). 

For some applications a double wall microcapsule is useful. In forming a double wall, the single walled 
microcapsule is redispersed and a second wall is deposited over the first. , 

Detailed Description of the Invention 

According to one embodiment of the invention, the process comprises the following steps which are 
performed at about 55 • C. 

(a) dissolving a pharmaceutical ly active compound in a first non aqueous solvent; 

(b) adding to the solution obtained in step a, a solution of gelatin and sodium sulfate in a second solvent 
which is miscible with the first solvent and in which the active compound is more or less insoluble while 
keeping the solution under constant agitation which results in a suspension of encapsulated pharmaceuti- 
cally active small particles and coacervation of the gelatin; and 

(c) adding a solution of sodium sulfate. The suspension is then poured into cold sodium sulfate solution 
and stirred at the temperature of an ice bath. This procedure causes "gelling" of the liquid gelatin shell 
of the microcapsules. The microcapsules are then collected, for instance, by centrifugation; or 

(d) the suspension is centrifuged and washed twice with water, centrifuged, dispersed into water, 
formaldehyde or glutaraldehyde solution is added under stirring which is continued for several hours, or 
the suspension can be allowed to stand at room temperature. This procedure causes hardening of the 
gelled microcapsule shell. The suspension is centrifuged, the microcapsules washed twice with water, 
redispersed in water with stirring, isopropanol added, filtered, washed twice with isopropanol, filtered and 
dried. This procedure causes dehydration of the hardened microcapsules. The formaldehyde should be 
added as a 5-37% solution, preferably a 37% (w/w) solution. The alcohol can be any water-miscible 
alcohol, preferably isopropanol, and the mixture with water can be 5-50% (w/w) isopropanol. 

The process of forming microcapsules according to this invention can be illustrated by the following 
examples. 



Example 1 

A solution consisting of 0.38 g felodipine and 2.0 ml of polyethylene glycol 400 was kept under constant 
agitation with a magnetic stirrer while a solution consisting of 1.25 g gelatin (type B:acid processed), 4 g of 
sodium sulfate and 50 ml of water was added. This procedure resulted in a white suspension of 
microencapsulated felodipine particles. An additional 50 ml of 20% sodium sulfate solution was added and 
the suspension was then stirred for an additional 15 minutes, following which it was poured into 200 ml of 
cold (5*C) 7% sodium sulfate solution, and stirred for 30 minutes at ice-bath temperature. This procedure 
caused gelling of the liquid gelatin shell of the microcapsules. The suspension of gelled microcapsules was 
centrifuged and washed twice with water by redispersing and centrifuging. The microcapsules were 
redispersed in 50 ml of water, 5 ml of 37% formaldehyde solution added under stirring and the suspension 
allowed to stand at room temperature for 15-20 hours. This procedure caused hardening of the "gelled" 
gelatin shell of the microcapsules. The suspension was centrifuged and the microcapsules were washed 
again twice with water, following which they were redispersed in 10 ml of water with stirring and 50 ml of 
isopropanol added slowly. The suspension was filtered and washed twice with 50 ml of isopropanol, filtered 
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70 



75 



20 



and dried in an oven at 35 'C. This procedure caused dehydration of the hardened capsules. The dry 
microcapsules were stored in well-closed containers at room temperature. The entire process was 
monitored by observation of samples in the optical microscope. The microcapsules were of asymmetric 
appearance and of a size less than 10 urn. 

A schematic diagram of the entire process according to Example 1 is illustrated below: 

r i 

J Dissolve 0,38 g of felodipine in | 
j 2.0 ml of polyethylene glycol 400. | 
i , J 



! i 

Form felodipine particles by the addition of a j 

2.5% gelatin solution containing 8% sodium sul- j 

fate (simultaneously encapsulating with gelatin) . ! 
I . 



r 1 

I Add 20% sodium sulfate solution. 



L 



30 



1 

Steps above this line performed performed at 55°C 



35 



40 



45 



50 



which is above the gelling point of gelatin (35°C) 

r 

i Gel the microcapsule wall by pouring the sus- 

! pension into cold (5°C) 9odium sulfate solution. 
L 



1 

j Harden the encapsulating material j 

l by adding formaldehyde solution. { 
L j 



1 



I 

J Dehydrate the microcapsules by adding isopropanol J 
55 | and collect the microcapsules by centrifugation. i 

L J 
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Example 2 

A solution consisting of 0.7 g of budesonide in 2 ml of N.N-dimethylformamide was freshly prepared. 
While this solution was held under constant agitation (500 rpm) with a magnetic stirrer, a second solution 

5 consisting of 50 ml of 2% methylcellulose and 6 ml of 20% sodium sulfate was added. The stirring speed 
was changed to 1270 rpm immediately after mixing the two solutions and stirring was continued at room 
temperature for 15 minutes. The microencapsulated budesonide particles were collected by centrifugation, 
washed twice with 25 ml of water, and freeze-dried. Both methylcellulose 25 cps (2,5 Pas) (Dow Chemical 
Co.) and METHOCEL® A 15LV Premium (Dow) were studied. 

w The entire procedure was monitored by observation of samples in the optical microscope. A schematic 
diagram of the process is illustrated below: 



75 



20 



25 



30 



35 



40 



I Dissolve 0.7 g budesonide in ! 

I 2 ml of N,N-dimethy£ormaraide. J 

L ^ j 



I 



Form budensonide particles by the 
addition of a solution consisting 
of 50 ml of 2% methylcellulose and 
6 ml of 20% sodium sulfate (simul- 
taneously encapsulated with 
methylcellulose) . 



The microcapsules were collected by 
centrifugation, washed with water, 
and freeze-dried. 



45 



Example 3 

50 

The procedure for the preparation of hydroxypropyl methylcellulose microcapsules was similar to that 
for the methylcellulose microcapsules described in Example 2. A solution consisting of 0.35 g of 
budesonide in 1 ml of N.N-dimethylformamide was freshly prepared. While this solution was held under 
constant agitation (500 rpm) with a magnetic stirrer, a second solution consisting of 100 ml of 0.5% 
55 hydroxypropyl methylcellulose (METHOCEL® F4M Premium, Dow) and 22 ml of 20% sodium sulfate was 
added. The stirring speed was changed to 1270 rpm immediately after mixing the two solutions and stirring 
was continued at room temperature for 20 minutes. The microencapsulated budesonide particles were 
collected by centrifugation, washed twice with water (50 ml and 20 ml in sequence), and freeze-dried. 
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The entire procedure was monitored by observation of samples in the optical microscope. A schematic 
diagram of the process is illustrated below: 



i Dissolve 0.35 



10 



15 



20 



25 



30 



9 budesonide in { 



i 1 ml of N,N-dimethylformamide. \ 

I j 



Form budesonide particles by the addition 
of a solution consisting of 100 ml of 0.5% 
hydroxypropyl methylcellulose and 22 ml of 
20% sodium sulfate (simultaneously encap- 
sulated with METHOCEt^F4M premium). 



1 



, The microcapsules were collected by centri- 1 
fugation, washed with water, and f reeze-dried. j 



Example 4 

Single-wall methylcellulose microcapsules were prepared first by the process described in Example 2 
using methylcellulose 25 cps (2,5 Pas) (Ruger Chemical Co.). After the single wall microcapsules were 

40 collected by centrifugation and washed once with 25 ml of water, they were redispersed in 10 ml of water 
and mixed with 40 ml of 0.625% hydroxypropyl methylcellulose solution (METHOCEL® F4M Premium, 
Dow). While under constant agitation (800 rpm) with a magnetic stirrer, 13.5 ml of 20% sodium sulfate 
solution was added dropwise. The stirring was continued at 800 rpm for 3 minutes and at 200 rpm for an 
additional 20 minutes. The microcapsules were collected by centrifugation, washed twice with 25 ml of 

45 water, and freeze-dried. 

The entire procedure was monitored by observation of samples in the optical microscope. A schematic 
diagram of the process is illustrated below: 



50 



55 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



( ^ 

j Dissolve 0.7 g budesonide in \ 
| 2 ml of N,N-dimethylformamide. | 

J 



\ 



Form budesonide particles by the 
addition of a solution consisting 
of 50 ml of 2% methylcellulose 
and 6 ml of 20% sodium sulfate 
(simultaneously encapsulated 
with methylcellulose). 



The microcapsules were collected 
by centrifugation, washed once with 
25 ml of water, and redispersed 
in 10 ml of water. 

{ 

Add 40 ml of 0.625% 
hydroxyporpyl methyl- 
cellulose solution. 



L 



t 



J 



Add 13.5 ml of 20% sodium 
sulfate solution drop-wise 



I 
t 

< to cause coacervation. 
i 



r 

The double-walled microcapsules were 
collected by centrifugation, washed 
( with water, and f reezed-dried. 
u - — . 



Example 5 

A solution of ethylcellulose in cyclohexane was prepared by heating and stirring the desired amount of 
ethylcellulose (ETHOCEL® 0.1 Pas. Dow) and surfactant in 20 ml of cyclohexane. When the ethylcellulose 
and surfactant were dissolved and the temperature was above 75 # C, this hot solution was poured 
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immediately into a suspension of microcapsules freshly prepared by sonicating 0.2 g of dry single-wall 
microcapsules in 5 ml of cyclohexane for one minute. The single wall microcapsules used in this Example 
were coated with methylcellulose 25 cps (2,5 Pas) (Ruger Chemical Co.) according to the process 
described in Example 2. . 

5 The mixture was first stirred at room temperature at a speed of 400 rpm. After cooling down to 25-28 *C 
(approximately 30 minutes), it was placed in a 10* C water bath, stirred for 5 more minutes, and then mixed 
with 25 ml of hexane. This mixture was continuously stirred at 400 rpm for another 5 minutes. The resultant 
double wall microcapsules were washed twice with 25 ml of hexane by decanting the supernate, and 
collected by filtration. The microcapsules were dried in air overnight and then in a reduced-pressure oven at 

w. 40 *C for 30 minutes. A schematic diagram of the process is illustrated below: 
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Disperse 0.2 of dry 
single-walled methyl- 
cellulose microcapsules 
in 5 ml of cyclohexane 
by sonication for one 
minute. 



t Dissolve ethylcellulose 



I 



I and surfactant in 20 ml 
t of cyclohexane by stir- 
{ ring and heating up to 
I 75 # C. 



\... Y 

| Mixing. J 
i i 



Gradually cool down to 25-28°C 
by stirring at room temperature 



I 
I 
l 

1 \ 
J 



J Quickly cool down to 10°C by placing j 
I the mixture in a 10°C water bath. 1 
L J 



r - " 

i Add 25 ml of hexane. i 



Decant the supernate and wash the micro- 
capsules twice with 25 ml of hexane. 



i Collect the microcapsules by filtration, i 

t i 



( 1 

J Dry the microcapsules in the air overnight then J 
{ in a reduced-pressure oven (40°C) for 30 minutes j 
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Claims 

Claims for the following Contracting States : AT, BE, CH, DE, FR, GB, it, LI, LU, NL, SE 

1. A process for encapsulating an organic compound whose solubility is greater in a first solvent than in a 
second solvent which process comprises: 

(a) dissolving said compound in a non aqueous first solvent; 

(b) preparing a solution of encapsulating material and an electrolyte in a second solvent which is 
miscible with the first solvent and in which the compound to be encapsulated is more or less 
insoluble, in an amount which is effective, but which electrolyte is present in an amount just 
insufficient to cause coacervation of the encapsulating material without interacting with it; 

(c) mixing the solutions from step (a) and (b) while stirring to cause the concurrent precipitation of 
the compound as small particles and formation of a coacervate of the encapsulating material; and 

(d) gelling the encapsulating material. 

2. A process according to claim 1 wherein the encapsulated material is hardened. 

3. A process according to claim 1 wherein the encapsulated material is redispersed in a liquid and 
encapsulated in a different encapsulating material. 

4. A process according to claim 1 wherein additional electrolyte is added after step (b) to cause 
concurrent precipitation of the compound as small particles and formation of a coacervate of the 
encapsulating material. 

5. A process according to claim 1 wherein the compound is pharmaceutical^ active. 

6. A process according to claim 1 wherein a wetting agent is used in step a. 

7. A process according to claim 1 wherein, if needed, the temperature is controlled in step c. 

8. A process according to claim 5 wherein the pharmaceutical^ active compound is selected from 
budesonide and felodipine. 

9. A process according to claim 1, wherein the encapsulating material is selected from gelatin, methylcel- 
lulose, hydroxypropyl methylcellulose, sodium carboxymethylcellulose, cellulose acetate phthalate, 
ethylcellulose, and polyvinylpyrrolidone 

10. A process according to claim 7, wherein the ratio of organic compound to encapsulating material to 
wetting agent to electrolyte is about (0.1-6):(0.1-4):(0.1-10):(0.4-48). 

PatentansprUche 

Patentanspriiche fur folgende Vertragsstaaten : AT, BE, CH, DE, FR, GB, IT, LI, LU, NL, SE 

1. Verfahren zum Einkapseln einer organischen Verbindung, deren Loslichkeit in einem ersten Losungs- 
mittel hoher ist als in einem zweiten Losungsmittel, welches Verfahren umfaflt: 

(a) Losen der genannten Verbindung in einem ersten nichtwasserigen Losungsmittel; 

(b) Herstellen einer Losung von Einkapselungsmaterial und eines Elektrolyten in einem zweiten 
Losungsmittel, das mit dem ersten Losungsmittel mischbar ist, und in dem die einzukapselnde 
Verbindung mehr oder weniger un!5slich ist, in einer Menge, die wirksam ist, wobei der Elektrolyt 
jedoch in einer Menge vorliegt, die gerade nicht ausreicht, um eine Koazervation des Einkapselungs- 
materials zu bewirken, ohne mit diesem in Wechselwirkung zu treten; 

(c) Mischen der Losungen von Schritt (a) und (b) unter RUhren, wobei die gleichzeitige Ausfallung 
der Verbindung als kleine Teilchen und die Bildung eines Koazervats des Einkapselungsmaterials 
bewirkt werden; und 

(d) Gelieren des Einkapselungsmaterials. 

2. Verfahren nach Anspruch 1 , bei welchem das Einkapselungsmaterial gehSrtet wird. 
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3. Verfahren nach Anspruch 1, bei welchem das Einkapselungsmaterial in einer FlUssigkeit redispergiert 
und in einem unterschiedlichen Einkapselungsmaterial eingekapselt wird. 

4. Verfahren nach Anspruch 1, bei welchem zusatzlicher Elektrolyt nach Schritt (b) zugesetzt wird, wobei 
5 die gleichzeitige AusfSllung der Verbindung als kleine Teilchen und die Bildung eines Koazervats des 

Einkapselungsmaterials bewirkt werden. 

5. Verfahren nach Anspruch 1 . bei welchem die Verbindung pharmazeutisch wirksam ist. 
io 6. Verfahren nach Anspruch 1 , bei welchem ein Netzmittel in Schritt (a) verwendet wird. 

7. Verfahren nach Anspruch 1 , bei welchem, wenn erforderlich, die Temperatur in Schritt (c) reguliert wird. 

8. Verfahren nach Anspruch 5, bei welchem die pharmazeutisch wirksame Verbindung aus Budesonid und 
75 Felodipin ausgewShrt wird. 

9. Verfahren nach Anspruch 1, bei welchem das Einkapselungsmaterial aus Gelatine, Methylcellulose, 
Hydroxypropylmethylcellulose, Natriumcarboxymethylcellulose, Celluloseacetatphthalat, Ethylcellulose 
und Polyvinylpyrrolidon ausgewahlt wird. 

20 

10. Verfahren nach Anspruch 7, bei welchem das VerhSltnis organische Verbindung : Einkapselungsmateri- 
al : Netzmittel : Elektrolyt etwa (0,1 bis 6) : (0.1 bis 4) : (0,1 bis 10) : (0,4 bis 48) betrSgt. 

Revendlcatlons 

25 Revendications pour les Etats contractants sulvants : AT, BE, CH f DE ( FR, GB, IT, LI, LU, NL, SE 

1. Procede pour ['encapsulation d'un compose organique dont la solubilite est plus grande dans un 
premier soivant que dans un second solvant, lequel procede comprend les Stapes consistant a : 
(a) dissoudre ledit compost dans un premier solvant non aqueux, 
30 (b) preparer une solution d'une substance decapsulation et d'un electrolyte dans un second 

solvant qui est miscible avec le premier solvant et dans lequel le compost destine a etre encapsule 
est plus ou moins insoluble, en une quantite qui soit efficace, mais lequel electrolyte est present en 
une quantity juste insuffisante pour entratner une coacervation de la substance decapsulation sans 
interagir avec celle-ci, 

35 (c) mSlanger les solutions obtenues a I'etape (a) et a I'etape (b) tout en agitant pour entratner la 

precipitation simultan^e du compost en petites particules et la formation d'un coacervat de la 
substance d'encapsulation, et 
(d) gelifier la substance d'encapsulation. 

40 2. Procede selon la revendication 1 , dans lequel la substance encapsuiee est durcie. 

3. Procede selon la revendication 1, dans lequel la substance encapsuiee est redispers^e dans un liquids 
et encapsuiee dans une substance d'encapsulation diff£rente. 

45 4. Procede selon la revendication 1, dans lequel on ajoute aprfes retape (b) de reiectrolyte supplemental 
destine a provoquer simultanement la precipitation du compose sous forme de petites particules et la 
formation d'un coacervat de la substance d'encapsulation. 

5. Procede selon la revendication 1, dans lequel le compost est pharmaceutiquement actif. 

50 

6. ProcedS selon la revendication 1, dans lequel on utilise au cours de retape (a) un agent de rnouillage. 

7. Procede selon la revendication 1, dans lequel on procede, si cela se revile necessaire, a un controle 
de la temperature au cours de retape (c). 

55 

a Procede selon la revendication 5, dans lequel le compose pharmaceutiquement actif est choisi dans le 
groupe constitu£ de budesonide et de felodipine. 
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9. ProcSde* selon la revendication 1 , dans lequel la substance decapsulation est choisie dans le groupe 
constitue* de la gelatine, la m&hylcellulose, I'hydroxypropylmSthylcellulose, la carboxym&hy (cellulose 
de sodium, I'ac&ophtalate de cellulose, I'Sthylcellulose et la polyvinylpyrrolidone. 

10. Proc£de selon la revendication 7, dans lequel le rapport du compose organique a la substance 
decapsulation, a I'agent de mouillage et a I'electrolyte est de (0,1-6):(0.1-4):(0,1-10):(0,4-48). 
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